Nanotopographical control of human embryonic stem cell differentiation into definitive endoderm.
Derivation of definitive endoderm (DE) from human embryonic stem cells (hESCs) can address the needs of regenerative medicine for endoderm-derived organs such as the pancreas and liver. Fibrous substrates which topographically recapitulate native extracellular matrix have been known to promote the stem cell differentiation. However, the optimal fiber diameter remains to be determined for the desired differentiation. Here, we have developed a simple method to precisely fabricate electrospun poly(ε-caprolactone) fibers with four distinct average diameters at nano- and microscale levels (200, 500, 800, and 1300 nm). Human ESCs were cultured as clumps or single cells and induced into DE differentiation to determine the optimal topography leading to the promoted differentiation compared with planar culture plates. Gene expression analysis of the DE-induced cells showed significant upregulation of DE-specific genes exclusively on the 200-nm fibers. By Western blot analysis, significant expression of DE-specific proteins was found when hESCs were cultured on the 200 nm substrate as single cells rather than clumps, probably due to more efficient cell-matrix interaction realized by morphological observations of the cell colonies. The results indicated that nanofibrillar substrates, only at ultrathin fiber diameters, provided a better environment for DE differentiation of hESC, which holds great promise in prospective tissue engineering applications.